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[bookmark: RANGE!A1:D18]F4.	DEVELOPMENT OF THE JOB EXPOSURE MATRIX





F4.1	General Strategy





The exposure interval of interest for the Marysville worker cohort begins in 1957 (when vermiculite was first used in the plant) and extends to 2000 (the last year that vermiculite was used at the plant).  Industrial hygiene data on asbestos levels in workplace air were first collected in 1972, and air sampling at the plant continued through 1994.  Because measurements of asbestos in air are available only for the central portion of the exposure interval of interest, the job-exposure matrix was constructed in three steps:





Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval





Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values





Step 3:  Exposure levels in 1994 that were estimated from industrial hygiene data were used to estimate exposures from 1995 to 2000.





Each of these steps is described in detail below.





F4.2	Fitting Available Industrial Hygiene Data from 1972-1984 





Trionizing Department Data





Most exposure to asbestos occurred in the trionizing department, and it is in this department that most industrial hygiene air samples (728) were collected.  Within the trionizing department, samples were classified as being associated with nine different jobs:





1. Blender


2. Cleanup


3. Dryer


4. Expander


5. Feeder


6. Mill


7. Resin


8. Track unload


9. Track (other)





Summary statistics for the data for these jobs are provided below.





Table F4.1  Summary Statistics for Industrial Hygiene Data (PCM f/cc) for Trionizing Jobs


[image: ]





As shown, there is substantial variability in exposure levels between jobs, and the values tend to change (usually decrease) over time.  However, for most jobs, there are too few measurements to derive a reliable estimate of the mean exposure concentration for each year.





For these reasons, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Two different modeling approaches were evaluated.  The first method evaluated was LOESS (add citation).  This approach was selected for evaluation because it is non-parametric and can accommodate concentration patterns that fluctuate over time.  Fitting was performed in SAS, using a first order polynomial and a smoothing parameter that was determined empirically.  However, the results for most jobs were quite “lumpy” (e.g., see Figure F4.1).  This was judged to be due mainly to variations in the amount of data available over various time spans rather to than authentic variations in concentration.  On this basis, the LOESS approach was not pursued further.





The next model evaluated was an exponential model of the following form:





C(t) = eb0 ∙ exp (-eb1 ∙ t)





where:


 


C(t) = average concentration at time t


eb0 = exp(b0)


eb1 = exp(b1)


t = number of years from 1/1/1970 to the date of sampling


b0 = fitting parameter


b1 = fitting parameter





Fitting was performed in SAS using minimization of variance-weighted square errors, where variance was modeled as a power function of the predicted mean:





	Variance(t) = C(t)Ɵ





When each job was fit individually, most yielded reasonable fits, but some jobs (e.g., cleanup and blender) tended to yield fits in which the predicted concentration increased extremely rapidly prior to 1975, yielding predicted concentrations in 1972-1973 that were not considered to be realistic (e.g., see Figure F4-2).   These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were not considered to be meaningful.  Consequently, it was necessary to group data from several jobs to obtain reliable fits.  Based on the expectation that the rate of decline in average exposure levels was likely to be similar for jobs in the same general area of the plant, the jobs were grouped into two categories, as follows:





Indoor Jobs:	Blender, cleanup, dryer, expander, feeder, mill, resin


Outdoor jobs:  Track unload, track other





For each group, the data were fit to the model, requiring the slope parameter (b1) to be the same for all jobs within the same group.  Results are displayed graphically in Figure F4-3, and the parameter values are summarized in Table F4.2, below:





Table F4.2  Exponential Model Fitting Parameters for Trionizing Jobs


[image: ]














Calculation of Time-Weighted Average Exposure Within the Trionizing Department





Workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job, except for dryer, which included two shifts per work cycle.  Overall rotation among jobs reported in Lockey et al. (1980) was verified by the focus groups.  The outdoor jobs (track unload and track other) were treated as one job.  The focus groups reported that when working track, track unload required about 25% of the time[footnoteRef:1] and track other comprised about 75% of the track job time.  Based on this, the following time-weighting factors were used to compute the average exposure by year for the trionizing department: [1:  .   This 25% time estimate for track unload is higher than that previously published.1] 






Table F4.3  Time-Weighting Factors for Trionizing Department Workers


[image: ] 





Data for Other Departments (“Background”)





Departments using only expanded vermiculite or no vermiculite were defined as having “plant background” exposure.  These included the departments of polyform, plant maintenance, office, research, pilot plant, warehouse, central maintenance, and packaging.  Measurements of asbestos in air from these departments tended to be relatively low, with little distinction between departments.  Therefore, data for all non-trionizing departments were combined and fit as a single data set, referred to as “background”.  The fitting results are shown in Figure F4-4.





F4.3	Estimation of Exposure Levels from 1957 to 1971 





Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was based on worker-provided information on the relative levels of dust in air, and on plant records regarding the relative amounts of vermiculite from Libby and from South Carolina.  The basic equation used for extrapolation is as follows:








where:





	Cy = 	Extrapolated concentration of asbestos in year y


C1972 = Estimated concentration of asbestos in 1972


Dust ratio = estimated ratio of vermiculite dust in air in year y compared to 1972


FL = 	fraction of vermiculite derived from Libby in year y


FSC = 	Fraction of vermiculite derived from South Carolina in year y


k =	Estimated relative concentration of amphibole asbestos in South Carolina vermiculite compared to Libby vermiculite





Dust Ratio





Based on focus group reports, engineering changes in the trionizing department did not result in “step‑function” decreases in exposures.  Rather, a more gradual decline in exposure occurred, beginning with improvements in 1968, when two dust collectors were added.  Focus group workers report that dust exposures in indoor trionizing jobs were at least two times higher in the 1960’s than in the 1970’s when measurements began.  Based on this, dust levels in indoor areas of the trionizing department were assumed to increase linearly by a factor of two between 1972 and 1967.  The year 1967 was selected because this was the year preceding engineering controls.  Prior to 1967, dust levels were assumed to be approximately constant.





For outdoor trionizing jobs (track other and track unload) and jobs in other departments of the plant, it is assumed that dust levels were not likely to be substantially affected by indoor plant engineering controls in the trionizing department.  Hence, for track unload, track other, and background jobs, it was assumed that dust levels prior to 1972 were the same as in 1972.





Adjustments for Vermiculite Source





Two main sources of vermiculites were used at the plant:  Libby vermiculite and South Carolina vermiculite.  There were two primary sources of information regarding the amounts of these vermiculite sources:





· An internal UC document [??  Is this not based on OMScott documents ??] from the 1980 study with estimates of railroad car loads delivered to the plant per year.  Documents indicate railroad cars from Libby were 100 ton cars and from South Carolina 70 ton cars.


· The Chamberlain memo (citation ?) provides information regarding vermiculite sources for 1964−1972 in railroad car loads per year.





Per the UC document, 100% South Carolina vermiculite was estimated to be used from 1957−1960.  Per the Chamberlain memo, Libby vermiculite began arriving in 1960.  Focus groups placed it earlier, in 1958 or 1959.  We believe there is sufficient evidence to support a 1959 start date for Libby vermiculite with 1957 and 1958 assumed to be 100% South Carolina vermiculite.


 


Documentation was found from the original 1980 UC documents indicating an estimated Libby tonnage contribution of 32% from 1959−1963.  These percentages for 1959−1963 were adopted for use in this project.  After adjusting for the difference in rail car sizes, the Chamberlain memo indicates that Libby tonnage usage increased from 57% in 1964 to 73% in 1965 to 92% in 1966.  Table F4-5 illustrates the distribution of unexpanded vermiculite sources received at the plant between 1957 and 1971.





Table F4‑5.  Tonnage by year and vermiculite source


			Year


			% Libby


			% SC


			Comment





			1957


			


			100


			No confirmation of Libby usage 





			1958


			


			100


			No confirmation of Libby usage 





			1959


			32


			68


			Libby usage began per focus groups; Chamberlain says 1960





			1960


			32


			68


			Chamberlain memo and 1980 chart





			1961


			32


			68


			Chamberlain memo and 1980 chart





			1962


			32


			68


			Chamberlain memo and 1980 chart





			1963


			32


			68


			Chamberlain memo and 1980 chart





			1964


			57


			43


			Chamberlain  memo





			1965


			73


			27


			Chamberlain  memo





			1966


			92


			8


			Chamberlain  memo





			1967


			87


			13


			Chamberlain  memo





			1968


			79


			21


			Chamberlain  memo





			1969


			82


			18


			Chamberlain  memo





			1970


			90


			10


			Chamberlain  memo





			1971


			95


			5


			Chamberlain  memo











From 1972 to 1980, available records indicate that essentially all vermiculite was from Libby [is this true??].  Libby vermiculite usage ended in 1980 per shipping records obtained from B. Benson and an Agency for Toxic Substances and Disease Registry (ATSDR) report.3,4  After 1980, vermiculite used in the plant was from several sources (Africa, Virginia, and South Carolina).  In 2000, corn cobs were introduced as an inert carrier of lawn care chemicals, and vermiculite usage ended.  





Relative Amphibole Content


  


To develop the relationship of fiber levels between South Carolina and Libby vermiculite, samples that recorded a 100% of either source for vermiculite were identified.  Two jobs with a higher number of samples from the same year from each source were used to establish the relationship: track‑unload for 1977 and expander for 1978.  The samples used included 22 Libby track‑unload, 8 Libby expander, 17 South Carolina track‑unload, and 7 South Carolina expander.  A weighted average of these samples generated a 10:1 fiber count ratio for Libby:South Carolina vermiculite.  The 100% Libby samples were compared to samples labeled as 50% Libby.  The resultant measurements were accordingly lower, demonstrating internal consistency within the data.





[INSERT...can this ratio be further supported by direct measurement of asbestos fiber concentrations in Libby and SC vermiculite ?]  





Based on these data, the value of k was assumed to be 0.1, and this value was used for adjusting estimates to account for vermiculite source as described above.





Summary of Extrapolation Factors





Based on the input variables described above, extrapolation factors were calculated as summarized in table F4.6:









Table F4.6  Extrapolation Factors for 1957-1972


[image: ]





F4.4	Estimation of Exposure Levels from 1995 to 2000 





As noted above, use of Libby vermiculite ceased in 1980, and industrial hygiene data from 1980−1994 indicated that fiber levels were similar and near the level of detection in all departments.  Based on this, the mean value derived from the fitted models for 1994 were assumed to apply to all subsequent years until 2000 [RIGHT?].  Exposure levels after 2000 (the year that vermiculite usage ceased) were assumed to be zero (TRUE?)


 


F4.5	Other Considerations in Exposure Estimates





Potential Sampling Bias





In some industrial settings, industrial hygiene samples may be preferentially collected during times of high exposure, mainly to evaluate compliance with occupational exposure guidelines or standards.  Participants in the focus groups noted that during some years, sampling practices included leaving pumps in control rooms during high‑dust activities such as the use of compressed air to remove particulate from surface areas.  If so, this might have resulted in a tendency to underestimate true exposure levels.  However, we did not find any documentation that high exposure work was systematically excluded from the sampling effort in the IH reports.  In fact, in the early years, some activities recorded in the sampling record included reference to compressed air “blow down”, one of the activities associated with potentially high exposures.  Consequently, no adjustment was made for any potential sampling bias.  





Use of Respirators





Per the focus groups, workers reported very sporadic usage of respirators due to heat and discomfort.  Because of the heat, the workers preferred paper masks, and reported reusing them from day to day.  There was no documentation of fit‑testing of the paper masks.  Paper masks may provide some protection against the larger particles, but likely provided little reduction in respirable particles, particularly when reused.  Therefore, no adjustment was made to lower the exposure estimates due to respirator use. 





F4.6	Final Job-Exposure Matrix





	As described above, industrial hygiene measurements from the plant were used to estimate yearly average exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.





For any giver exposure interval, most workers worked in either the trionizing department or in one of the other (background) departments.  However, two categories of workers moved between these two areas during their regular activities:


.


Plant Maintenance—Although there were some differences of opinion in the focus group regarding where plant maintenance spent their time, the consensus reached was to assign approximately 50% of time in trionizing and 50% in areas defined as plant background for their work in shop and other departments. 








.  


Central Maintenance—According to the focus group, these employees worked outside of trionizing for about 90% time (background) and 10% (trionizing) for installation of new equipment/parts.  Around 1982 central maintenance department was discontinued, and the work was contracted to outside personnel.  





Table F4.7 provides the job-exposure matrix from 1957 to 2000 developed using this methodology.
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Table F4.7  Job-Exposure Matrix
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best est best est



Blender 6.701 0.620 72.5 0.430 0.353 0.526



Cleanup 22.162 8.595 57.2 0.430 0.353 0.526



Dryer 4.576 0.392 53.442 0.430 0.353 0.526



Expander 30.012 19.200 46.909 0.430 0.353 0.526



Feeder 139.073 66.314 291.663 0.430 0.353 0.526



Mill 27.451 8.208 91.808 0.430 0.353 0.526



Resin 5.124 0.113 232.758 0.430 0.353 0.526



Track 0.691 0.009 55.241 0.174 0.084 0.361



Unload 67.262 21.702 208.471 0.174 0.084 0.361



eb0 eb1



Job



95% CI 95% CI
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Blender Cleanup Dryer Expander Feeder Mill Resin Track unload Track other



0.111 0.111 0.222 0.111 0.111 0.111 0.111 0.028 0.083



Indoor Outdoor
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Dept. Year



Dust 



ratio



F



L



F



SC



k



Extrap. 



Factor



1957 2.00 0.00 1.00 0.10 0.200



1958 2.00 0.00 1.00 0.10 0.200



1959 2.00 0.32 0.68 0.10 0.776



1960 2.00 0.32 0.68 0.10 0.776



1961 2.00 0.32 0.68 0.10 0.776



1962 2.00 0.32 0.68 0.10 0.776



1963 2.00 0.32 0.68 0.10 0.776



1964 2.00 0.57 0.43 0.10 1.226



1965 2.00 0.73 0.27 0.10 1.514



1966 2.00 0.92 0.08 0.10 1.856



1967 2.00 0.87 0.13 0.10 1.766



1968 1.80 0.79 0.21 0.10 1.460



1969 1.60 0.82 0.18 0.10 1.341



1970 1.40 0.90 0.10 0.10 1.274



1971 1.20 0.95 0.05 0.10 1.146



1972 1.00 1.00 0.00 0.10 1.000



1957 1.00 0.00 1.00 0.10 0.100



1958 1.00 0.00 1.00 0.10 0.100



1959 1.00 0.32 0.68 0.10 0.388



1960 1.00 0.32 0.68 0.10 0.388



1961 1.00 0.32 0.68 0.10 0.388



1962 1.00 0.32 0.68 0.10 0.388



1963 1.00 0.32 0.68 0.10 0.388



1964 1.00 0.57 0.43 0.10 0.613



1965 1.00 0.73 0.27 0.10 0.757



1966 1.00 0.92 0.08 0.10 0.928



1967 1.00 0.87 0.13 0.10 0.883



1968 1.00 0.79 0.21 0.10 0.811



1969 1.00 0.82 0.18 0.10 0.838



1970 1.00 0.90 0.10 0.10 0.910



1971 1.00 0.95 0.05 0.10 0.955



1972 1.00 1.00 0.00 0.10 1.000



Trionize 



(outdoor jobs) 



and Background



Trionize (all 



indoor jobs)
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1957 1.955 0.984 0.207 0.013



1958 1.955 0.984 0.207 0.013



1959 7.585 3.818 0.804 0.051



1960 7.585 3.818 0.804 0.051



1961 7.585 3.818 0.804 0.051



1962 7.585 3.818 0.804 0.051



1963 7.585 3.818 0.804 0.051



1964 11.984 6.032 1.270 0.080



1965 14.799 7.449 1.569 0.099



1966 18.142 9.132 1.923 0.121



1967 17.263 8.689 1.830 0.115



1968 14.371 7.238 1.532 0.106



1969 13.315 6.712 1.430 0.109



1970 12.794 6.456 1.386 0.118



1971 11.678 5.901 1.280 0.124



1972 10.398 5.264 1.157 0.130



1973 6.960 3.535 0.795 0.110



1974 4.726 2.410 0.557 0.094



1975 3.241 1.660 0.396 0.080



1976 2.260 1.164 0.287 0.068



1977 1.579 0.818 0.210 0.058



1978 1.126 0.587 0.157 0.049



1979 0.815 0.428 0.119 0.042



1980 0.603 0.319 0.092 0.036



1981 0.448 0.239 0.072 0.030



1982 0.341 0.183 0.057 0.026



1983 0.263 0.142 0.046 0.022



1984 0.207 0.113 0.037 0.019



1985 0.163 0.089 0.031 0.016



1986 0.130 0.072 0.025 0.013



1987 0.105 0.058 0.021 0.011



1988 0.086 0.048 0.017 0.010



1989 0.070 0.039 0.014 0.008



1990 0.058 0.033 0.012 0.007



1991 0.048 0.027 0.010 0.006



1992 0.040 0.023 0.009 0.005



1993 0.033 0.019 0.007 0.004



1994 0.028 0.016 0.006 0.004



1985-2000 0.207 0.113 0.037 0.019



(a)  Bkg includes pilot plant, research, polyform, office, packaging, warehouse



Trionizing



(TWA All Jobs)



Plant Maint.



(50/50)



Central Maint.



(10/90)



Background 



(a)



Year
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Trionizing



Job N Mean Max N Mean Max N Mean Max N Mean Max N Mean Max



Blender 0 -- -- 24 0.180 1.170 3 0.014 0.019 0 -- -- 0 -- --



Cleanup 1 5.300 5.300 52 0.749 10.530 3 0.020 0.050 0 -- -- 0 -- --



Dryer 2 1.150 2.100 6 0.061 0.180 11 0.050 0.110 27 0.021 0.090 0 -- --



Expander 64 5.721 59.300 157 1.557 48.000 24 0.063 0.230 23 0.037 0.085 8 0.056 0.170



Feeder 0 -- -- 23 5.958 50.200 5 0.028 0.100 1 0.008 0.008 3 0.069 0.100



Mill 0 -- -- 39 0.616 6.070 13 0.049 0.100 18 0.042 0.360 7 0.068 0.200



Resin 0 -- -- 13 0.071 0.190 12 0.054 0.170 3 0.006 0.010 0 -- --



Track 0 -- -- 33 0.118 1.460 18 0.032 0.130 37 0.062 1.510 14 0.060 0.220



Unload 2 3.500 5.200 53 17.174245.000 22 9.046 35.760 7 1.142 2.090 0 -- --



1972-75 1976-80 1981-85 1986-90 1991-1994
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FIGURE F4.2. TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB

Variance-weighted fitting with independent b terms
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Figure F4.3 (trionize common b).pdf
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Variance-weighted fitting with common b terms for indoor and outdoor jobs
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Figure F4.4 (bkg fit).pdf

FIGURE F4.4. BACKGROUND DATA AND FIT
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[bookmark: RANGE!A1:D18]F4.	DEVELOPMENT OF THE JOB EXPOSURE MATRIX



F4.1	General Strategy



The exposure interval of interest for the Marysville worker cohort begins in 1957 (when vermiculite was first used in the plant) and extends to 2000 (the last year that vermiculite was used at the plant).  Industrial hygiene data on asbestos levels in workplace air were first collected in 1972, and air sampling at the plant continued through 1994.  Because measurements of asbestos in air are available only for the central portion of the exposure interval of interest, the job-exposure matrix was constructed in three steps:



Step 1:  Industrial hygiene data collected between 1972 and 1994 were utilized to derive estimates of yearly average concentrations by job during this interval



Step 2:  Information available from plant records and worker focus groups was used to estimate concentrations from 1957 to 1971 by extrapolation from 1972 values



Step 3:  Exposure levels in 1994 that were estimated from industrial hygiene data were used to estimate exposures from 1995 to 2000.



Each of these steps is described in detail below.



F4.2	Fitting Available Industrial Hygiene Data from 1972-1984 



Trionizing Department Data



Most exposure to asbestos occurred in the trionizing department, and it is in this department that most industrial hygiene air samples (728) were collected.  Within the trionizing department, samples were classified as being associated with nine different jobs:



1. Blender

2. Cleanup

3. Dryer

4. Expander

5. Feeder

6. Mill

7. Resin

8. Track unload

9. Track (other)



Summary statistics for the data for these jobs are provided below.



Table F4.1  Summary Statistics for Industrial Hygiene Data (PCM f/cc) for Trionizing Jobs
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As shown, there is substantial variability in exposure levels between jobs, and the values tend to change (usually decrease) over time.  However, for most jobs, there are too few measurements to derive a reliable estimate of the mean exposure concentration for each year.



For these reasons, the data for each job were fit to a mathematical model to characterize the rate of change over time.  Two different modeling approaches were evaluated.  The first method evaluated was LOESS (add citation).  This approach was selected for evaluation because it is non-parametric and can accommodate concentration patterns that fluctuate over time.  Fitting was performed in SAS, using a first order polynomial and a smoothing parameter that was determined empirically.  However, the results for most jobs were quite “lumpy” (e.g., see Figure F4.1).  This was judged to be due mainly to variations in the amount of data available over various time spans rather to than authentic variations in concentration.  On this basis, the LOESS approach was not pursued further.



The next model evaluated was an exponential model of the following form:



C(t) = eb0 ∙ exp (-eb1 ∙ t)



where:

 

C(t) = average concentration at time t

eb0 = exp(b0)

eb1 = exp(b1)

t = number of years from 1/1/1970 to the date of sampling

b0 = fitting parameter

b1 = fitting parameter



Fitting was performed in SAS using minimization of variance-weighted square errors, where variance was modeled as a power function of the predicted mean:



	Variance(t) = C(t)Ɵ



When each job was fit individually, most yielded reasonable fits, but some jobs (e.g., cleanup and blender) tended to yield fits in which the predicted concentration increased extremely rapidly prior to 1975, yielding predicted concentrations in 1972-1973 that were not considered to be realistic (e.g., see Figure F4-2).   These results were judged to be due mainly to the absence of data in the early time frame (1972-1973), and were not considered to be meaningful.  Consequently, it was necessary to group data from several jobs to obtain reliable fits.  Based on the expectation that the rate of decline in average exposure levels was likely to be similar for jobs in the same general area of the plant, the jobs were grouped into two categories, as follows:



Indoor Jobs:	Blender, cleanup, dryer, expander, feeder, mill, resin

Outdoor jobs:  Track unload, track other



For each group, the data were fit to the model, requiring the slope parameter (b1) to be the same for all jobs within the same group.  Results are displayed graphically in Figure F4-3, and the parameter values are summarized in Table F4.2, below:



Table F4.2  Exponential Model Fitting Parameters for Trionizing Jobs

[image: ]









Calculation of Time-Weighted Average Exposure Within the Trionizing Department



Workers in the trionizing department rotated between jobs, spending approximately equal amounts of time in each job, except for dryer, which included two shifts per work cycle.  Overall rotation among jobs reported in Lockey et al. (1980) was verified by the focus groups.  The outdoor jobs (track unload and track other) were treated as one job.  The focus groups reported that when working track, track unload required about 25% of the time[footnoteRef:1] and track other comprised about 75% of the track job time.  Based on this, the following time-weighting factors were used to compute the average exposure by year for the trionizing department: [1:  .   This 25% time estimate for track unload is higher than that previously published.1] 




Table F4.3  Time-Weighting Factors for Trionizing Department Workers

[image: ] 



Data for Other Departments (“Background”)



Departments using only expanded vermiculite or no vermiculite were defined as having “plant background” exposure.  These included the departments of polyform, plant maintenance, office, research, pilot plant, warehouse, central maintenance, and packaging.  Measurements of asbestos in air from these departments tended to be relatively low, with little distinction between departments.  Therefore, data for all non-trionizing departments were combined and fit as a single data set, referred to as “background”.  The fitting results are shown in Figure F4-4.



F4.3	Estimation of Exposure Levels from 1957 to 1971 



Extrapolation of model-predicted exposure concentrations in 1972 backwards in time to earlier years was based on worker-provided information on the relative levels of dust in air, and on plant records regarding the relative amounts of vermiculite from Libby and from South Carolina.  The basic equation used for extrapolation is as follows:





where:



	Cy = 	Extrapolated concentration of asbestos in year y

C1972 = Estimated concentration of asbestos in 1972

Dust ratio = estimated ratio of vermiculite dust in air in year y compared to 1972

FL = 	fraction of vermiculite derived from Libby in year y

FSC = 	Fraction of vermiculite derived from South Carolina in year y

k =	Estimated relative concentration of amphibole asbestos in South Carolina vermiculite compared to Libby vermiculite



Dust Ratio



Based on focus group reports, engineering changes in the trionizing department did not result in “step‑function” decreases in exposures.  Rather, a more gradual decline in exposure occurred, beginning with improvements in 1968, when two dust collectors were added.  Focus group workers report that dust exposures in indoor trionizing jobs were at least two times higher in the 1960’s than in the 1970’s when measurements began.  Based on this, dust levels in indoor areas of the trionizing department were assumed to increase linearly by a factor of two between 1972 and 1967.  The year 1967 was selected because this was the year preceding engineering controls.  Prior to 1967, dust levels were assumed to be approximately constant.



For outdoor trionizing jobs (track other and track unload) and jobs in other departments of the plant, it is assumed that dust levels were not likely to be substantially affected by indoor plant engineering controls in the trionizing department.  Hence, for track unload, track other, and background jobs, it was assumed that dust levels prior to 1972 were the same as in 1972.



Adjustments for Vermiculite Source



Two main sources of vermiculites were used at the plant:  Libby vermiculite and South Carolina vermiculite.  There were two primary sources of information regarding the amounts of these vermiculite sources:



· An internal UC document [??  Is this not based on OMScott documents ??] from the 1980 study with estimates of railroad car loads delivered to the plant per year.  Documents indicate railroad cars from Libby were 100 ton cars and from South Carolina 70 ton cars.

· The Chamberlain memo (citation ?) provides information regarding vermiculite sources for 1964−1972 in railroad car loads per year.



Per the UC document, 100% South Carolina vermiculite was estimated to be used from 1957−1960.  Per the Chamberlain memo, Libby vermiculite began arriving in 1960.  Focus groups placed it earlier, in 1958 or 1959.  We believe there is sufficient evidence to support a 1959 start date for Libby vermiculite with 1957 and 1958 assumed to be 100% South Carolina vermiculite.

 

Documentation was found from the original 1980 UC documents indicating an estimated Libby tonnage contribution of 32% from 1959−1963.  These percentages for 1959−1963 were adopted for use in this project.  After adjusting for the difference in rail car sizes, the Chamberlain memo indicates that Libby tonnage usage increased from 57% in 1964 to 73% in 1965 to 92% in 1966.  Table F4-5 illustrates the distribution of unexpanded vermiculite sources received at the plant between 1957 and 1971.



Table F4‑5.  Tonnage by year and vermiculite source

		Year

		% Libby

		% SC

		Comment



		1957

		

		100

		No confirmation of Libby usage 



		1958

		

		100

		No confirmation of Libby usage 



		1959

		32

		68

		Libby usage began per focus groups; Chamberlain says 1960



		1960

		32

		68

		Chamberlain memo and 1980 chart



		1961

		32

		68

		Chamberlain memo and 1980 chart



		1962

		32

		68

		Chamberlain memo and 1980 chart



		1963

		32

		68

		Chamberlain memo and 1980 chart



		1964

		57

		43

		Chamberlain  memo



		1965

		73

		27

		Chamberlain  memo



		1966

		92

		8

		Chamberlain  memo



		1967

		87

		13

		Chamberlain  memo



		1968

		79

		21

		Chamberlain  memo



		1969

		82

		18

		Chamberlain  memo



		1970

		90

		10

		Chamberlain  memo



		1971

		95

		5

		Chamberlain  memo







From 1972 to 1980, available records indicate that essentially all vermiculite was from Libby [is this true??].  Libby vermiculite usage ended in 1980 per shipping records obtained from B. Benson and an Agency for Toxic Substances and Disease Registry (ATSDR) report.3,4  After 1980, vermiculite used in the plant was from several sources (Africa, Virginia, and South Carolina).  In 2000, corn cobs were introduced as an inert carrier of lawn care chemicals, and vermiculite usage ended.  



Relative Amphibole Content

  

To develop the relationship of fiber levels between South Carolina and Libby vermiculite, samples that recorded a 100% of either source for vermiculite were identified.  Two jobs with a higher number of samples from the same year from each source were used to establish the relationship: track‑unload for 1977 and expander for 1978.  The samples used included 22 Libby track‑unload, 8 Libby expander, 17 South Carolina track‑unload, and 7 South Carolina expander.  A weighted average of these samples generated a 10:1 fiber count ratio for Libby:South Carolina vermiculite.  The 100% Libby samples were compared to samples labeled as 50% Libby.  The resultant measurements were accordingly lower, demonstrating internal consistency within the data.



[INSERT...can this ratio be further supported by direct measurement of asbestos fiber concentrations in Libby and SC vermiculite ?]  



Based on these data, the value of k was assumed to be 0.1, and this value was used for adjusting estimates to account for vermiculite source as described above.



Summary of Extrapolation Factors



Based on the input variables described above, extrapolation factors were calculated as summarized in table F4.6:






Table F4.6  Extrapolation Factors for 1957-1972
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F4.4	Estimation of Exposure Levels from 1995 to 2000 



As noted above, use of Libby vermiculite ceased in 1980, and industrial hygiene data from 1980−1994 indicated that fiber levels were similar and near the level of detection in all departments.  Based on this, the mean value derived from the fitted models for 1994 were assumed to apply to all subsequent years until 2000 [RIGHT?].  Exposure levels after 2000 (the year that vermiculite usage ceased) were assumed to be zero (TRUE?)

 

F4.5	Other Considerations in Exposure Estimates



Potential Sampling Bias



In some industrial settings, industrial hygiene samples may be preferentially collected during times of high exposure, mainly to evaluate compliance with occupational exposure guidelines or standards.  Participants in the focus groups noted that during some years, sampling practices included leaving pumps in control rooms during high‑dust activities such as the use of compressed air to remove particulate from surface areas.  If so, this might have resulted in a tendency to underestimate true exposure levels.  However, we did not find any documentation that high exposure work was systematically excluded from the sampling effort in the IH reports.  In fact, in the early years, some activities recorded in the sampling record included reference to compressed air “blow down”, one of the activities associated with potentially high exposures.  Consequently, no adjustment was made for any potential sampling bias.  



Use of Respirators



Per the focus groups, workers reported very sporadic usage of respirators due to heat and discomfort.  Because of the heat, the workers preferred paper masks, and reported reusing them from day to day.  There was no documentation of fit‑testing of the paper masks.  Paper masks may provide some protection against the larger particles, but likely provided little reduction in respirable particles, particularly when reused.  Therefore, no adjustment was made to lower the exposure estimates due to respirator use. 



F4.6	Final Job-Exposure Matrix



	As described above, industrial hygiene measurements from the plant were used to estimate yearly average exposure levels in the trionizing department and in all other departments (background) from 1957 to 2000.



For any giver exposure interval, most workers worked in either the trionizing department or in one of the other (background) departments.  However, two categories of workers moved between these two areas during their regular activities:

.

Plant Maintenance—Although there were some differences of opinion in the focus group regarding where plant maintenance spent their time, the consensus reached was to assign approximately 50% of time in trionizing and 50% in areas defined as plant background for their work in shop and other departments. 





.  

Central Maintenance—According to the focus group, these employees worked outside of trionizing for about 90% time (background) and 10% (trionizing) for installation of new equipment/parts.  Around 1982 central maintenance department was discontinued, and the work was contracted to outside personnel.  



Table F4.7 provides the job-exposure matrix from 1957 to 2000 developed using this methodology.




[bookmark: _GoBack]



Table F4.7  Job-Exposure Matrix
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best est best est


Blender 6.701 0.620 72.5 0.430 0.353 0.526


Cleanup 22.162 8.595 57.2 0.430 0.353 0.526


Dryer 4.576 0.392 53.442 0.430 0.353 0.526


Expander 30.012 19.200 46.909 0.430 0.353 0.526


Feeder 139.073 66.314 291.663 0.430 0.353 0.526


Mill 27.451 8.208 91.808 0.430 0.353 0.526


Resin 5.124 0.113 232.758 0.430 0.353 0.526


Track 0.691 0.009 55.241 0.174 0.084 0.361


Unload 67.262 21.702 208.471 0.174 0.084 0.361


eb0 eb1


Job


95% CI 95% CI
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Blender Cleanup Dryer Expander Feeder Mill Resin Track unload Track other


0.111 0.111 0.222 0.111 0.111 0.111 0.111 0.028 0.083


Indoor Outdoor
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Dept. Year


Dust 


ratio


F


L


F


SC


k


Extrap. 


Factor


1957 2.00 0.00 1.00 0.10 0.200


1958 2.00 0.00 1.00 0.10 0.200


1959 2.00 0.32 0.68 0.10 0.776


1960 2.00 0.32 0.68 0.10 0.776


1961 2.00 0.32 0.68 0.10 0.776


1962 2.00 0.32 0.68 0.10 0.776


1963 2.00 0.32 0.68 0.10 0.776


1964 2.00 0.57 0.43 0.10 1.226


1965 2.00 0.73 0.27 0.10 1.514


1966 2.00 0.92 0.08 0.10 1.856


1967 2.00 0.87 0.13 0.10 1.766


1968 1.80 0.79 0.21 0.10 1.460


1969 1.60 0.82 0.18 0.10 1.341


1970 1.40 0.90 0.10 0.10 1.274


1971 1.20 0.95 0.05 0.10 1.146


1972 1.00 1.00 0.00 0.10 1.000


1957 1.00 0.00 1.00 0.10 0.100


1958 1.00 0.00 1.00 0.10 0.100


1959 1.00 0.32 0.68 0.10 0.388


1960 1.00 0.32 0.68 0.10 0.388


1961 1.00 0.32 0.68 0.10 0.388


1962 1.00 0.32 0.68 0.10 0.388


1963 1.00 0.32 0.68 0.10 0.388


1964 1.00 0.57 0.43 0.10 0.613


1965 1.00 0.73 0.27 0.10 0.757


1966 1.00 0.92 0.08 0.10 0.928


1967 1.00 0.87 0.13 0.10 0.883


1968 1.00 0.79 0.21 0.10 0.811


1969 1.00 0.82 0.18 0.10 0.838


1970 1.00 0.90 0.10 0.10 0.910


1971 1.00 0.95 0.05 0.10 0.955


1972 1.00 1.00 0.00 0.10 1.000


Trionize 


(outdoor jobs) 


and Background


Trionize (all 


indoor jobs)
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1957 1.955 0.984 0.207 0.013


1958 1.955 0.984 0.207 0.013


1959 7.585 3.818 0.804 0.051


1960 7.585 3.818 0.804 0.051


1961 7.585 3.818 0.804 0.051


1962 7.585 3.818 0.804 0.051


1963 7.585 3.818 0.804 0.051


1964 11.984 6.032 1.270 0.080


1965 14.799 7.449 1.569 0.099


1966 18.142 9.132 1.923 0.121


1967 17.263 8.689 1.830 0.115


1968 14.371 7.238 1.532 0.106


1969 13.315 6.712 1.430 0.109


1970 12.794 6.456 1.386 0.118


1971 11.678 5.901 1.280 0.124


1972 10.398 5.264 1.157 0.130


1973 6.960 3.535 0.795 0.110


1974 4.726 2.410 0.557 0.094


1975 3.241 1.660 0.396 0.080


1976 2.260 1.164 0.287 0.068


1977 1.579 0.818 0.210 0.058


1978 1.126 0.587 0.157 0.049


1979 0.815 0.428 0.119 0.042


1980 0.603 0.319 0.092 0.036


1981 0.448 0.239 0.072 0.030


1982 0.341 0.183 0.057 0.026


1983 0.263 0.142 0.046 0.022


1984 0.207 0.113 0.037 0.019


1985 0.163 0.089 0.031 0.016


1986 0.130 0.072 0.025 0.013


1987 0.105 0.058 0.021 0.011


1988 0.086 0.048 0.017 0.010


1989 0.070 0.039 0.014 0.008


1990 0.058 0.033 0.012 0.007


1991 0.048 0.027 0.010 0.006


1992 0.040 0.023 0.009 0.005


1993 0.033 0.019 0.007 0.004


1994 0.028 0.016 0.006 0.004


1985-2000 0.207 0.113 0.037 0.019


(a)  Bkg includes pilot plant, research, polyform, office, packaging, warehouse


Trionizing


(TWA All Jobs)


Plant Maint.


(50/50)


Central Maint.


(10/90)


Background 


(a)


Year
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Trionizing


Job N Mean Max N Mean Max N Mean Max N Mean Max N Mean Max


Blender 0 -- -- 24 0.180 1.170 3 0.014 0.019 0 -- -- 0 -- --


Cleanup 1 5.300 5.300 52 0.749 10.530 3 0.020 0.050 0 -- -- 0 -- --


Dryer 2 1.150 2.100 6 0.061 0.180 11 0.050 0.110 27 0.021 0.090 0 -- --


Expander 64 5.721 59.300 157 1.557 48.000 24 0.063 0.230 23 0.037 0.085 8 0.056 0.170


Feeder 0 -- -- 23 5.958 50.200 5 0.028 0.100 1 0.008 0.008 3 0.069 0.100


Mill 0 -- -- 39 0.616 6.070 13 0.049 0.100 18 0.042 0.360 7 0.068 0.200


Resin 0 -- -- 13 0.071 0.190 12 0.054 0.170 3 0.006 0.010 0 -- --


Track 0 -- -- 33 0.118 1.460 18 0.032 0.130 37 0.062 1.510 14 0.060 0.220


Unload 2 3.500 5.200 53 17.174245.000 22 9.046 35.760 7 1.142 2.090 0 -- --


1972-75 1976-80 1981-85 1986-90 1991-1994





FIGURE F4.2. TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB

Variance-weighted fitting with independent b terms
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		Independent b graphs
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FIGURE F4.3. TRIONIZING DEPARTMENT DATA STRATIFIED BY JOB
Variance-weighted fitting with common b terms for indoor and outdoor jobs
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FIGURE F4.4. BACKGROUND DATA AND FIT
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